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INTRODUCTION 
   
As the global need for water increases, the dependence on alternative water sources, 
such as produced water and wastewater, will also grow. However, in order to utilize 
these new water supplies, the water must first be treated in correspondence with a wide 
range of standards (depending on its ultimate purpose). The Decision Support Tool 
(DST) is a VBA-based treatment selection model for many source water types. It is an 
integrated guidance framework that links water quality to beneficial use. The tool 
contains a database for feed water quality and target beneficial use water quality 
requirements and is capable of suggesting suitable treatment trains and provides a cost-
benefit analysis of different beneficial reuse options.  
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SUMMARY 
•  Can model treatment for a wide variety of water types 
•  Implemented mathematical optimization with a defined objective function and 
constraints 
•  Used quantitative values and qualitative ranking to establish constraints for 
optimization 
•  While the tool provided reasonable treatment trains for most scenarios, real-world 
applications can introduce additional constraints that need to be accounted for, 






Figure 1: Conceptual structure of the interaction/flow of information between the 
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Air Stripping è Acid Cation IX (H) è (Ba) 
Precipitation – Media Filter è Tight NF è 
Chemical Disinfection è Evaporation Ponds è 
Brine Disposal 
25,480,400 
Aluminum, Arsenic (III), 
Benzene, Chloride, Cyanide, 
Ethylbenzene, Fluoride, Iron 
(II), Lead, Manganese, Rd 
226+222+228 
Irrigation 
Acid Cation IX (H) è (Ba) Precipitation – Media 
Filter è ED è Chemical Disinfection è 
Evaporation Ponds è Brine Disposal 
24,698,700 
Chloride, Fluoride, Iron (II), 
TDS (calc), Total Suspended 
Solids (TSS) 
Through the implementation of multi-objective optimization, the DST aims to select the best 
treatment train with respect to technical and economic criteria while meeting beneficial reuse 
water quality requirements. 
 











Figure 2: Example treatment train 
Often, more than one objective can be identified for a given problem. Thus, decision making 
involves solving conflicting objectives and arriving at a solution that represents an acceptable or 
desired balance of all objectives. Because the DST utilizes both technical and economic 
objectives, it must simultaneously analyze the conflicting criteria. In order to consolidate both 
types of information into one objective function, the technical criteria is converted to numerical 
values based on user inputs (scores) and pre-rated expert rankings. The user can rate each 
technical criteria on a scale from 0 to 5, 0 being the least important and 5 being the most 
important. The expert rankings, however, are on a scale from 1 to 5 and are assigned to each 
treatment technology with respect to each criteria; higher values signify worse options.  
MULTI-OBJECTIVE OPTIMIZATION 
Treatment Selection Procedures and Outcomes  
Several combinations tested during treatment selection 
Examples: 
•  Greensand – RO – Disinfection 
•  Media filter – FO – RO – Disinfection 
Complexity increases with increasing number of treatment processes, number of water quality 
parameters, number of constraints 
Optimization allows intelligent process selection 
Best combination meeting removal criteria identified 
DST could be applied to suggest treatment trains for tailored water, made flexible to include or 
exclude a treatment technology based on site specific conditions etc. 
Capital, operation and maintenance costs corresponding to the best combination calculated 
DST APPROACH 
Objective Function: minimizes the weighted sum of all criteria while meeting water quality and 
other technical constraints  
Criteria  Description 
Ability to automate The degree of operator oversight required (degree of automation) 
Skill requirement Use of hazardous chemicals and the skill required to manage the system 
Flexibility  The ability of the technology to withstand highly variable water quality 
Footprint Land area, that the process takes up 
Industrial status  Market maturity of technology, frequency of use in similar situations etc. 
Chemical demand The volume of chemicals required at the site 
Energy demand The specific energy required by the technology 
Mobility The ease with which the technology can be moved from site to site  
Modularity The ability to implement technology as a unit process 
Relative capital cost The cost of installing the technology 
Relative annual O&M cost The annual cost of operating and maintaining the technology  
Robustness The ability to withstand varying environmental conditions 
Waste management This includes the volume of waste and the technical skill required to handle it 
Nutrient recovery The ability of the technology to recover nutrients 
Energy recovery The ability of the technology to recover energy 
Components: 
•  Normalized scores and values for economic and technical criteria 
•  Weights of economic and technical criteria 
•  Binary decision variable 
Constraints 
Include water quality targets and other user-defined factors that should be met. Water quality 
constraints include: 
•  Pretreatment water quality targets required to protect membranes 
•  Beneficial use water quality targets/standards 
Other constraints include: ability to include or exclude treatment methods based on user 
preference, temperature, source water type or source of energy 
Table 1: Technical criteria for treatment selection 
Table 3: Comparison of treatments for varied beneficial use and water sources at a flow 
rate of 1 MGD 








Air Stripping è Acid Cation IX (H) è BAF/
Media Filter è  MVC è Chemical Disinfection 
è Evaporation Ponds è Brine Disposal 
28,950,300 
Aluminum, Arsenic (V), 
Barium, Benzene, Chloride, 
Chromium-total, Manganese, 
TDS (calc), Thallium-total, 
Total Suspended Solids 
(TSS), BOD5 
Irrigation 
Acid Cation IX (H) è Media Filter è MVC è 




total, Lithium, Manganese, 
Strontium, TDS (calc), Total 
Suspended Solids (TSS) 
Municipal 
Wastewater 
(TDS = 200 
ppm) 
Potable 
Grit Removal è Primary Treatment è SBRè 
{Anaerobic WW digestion} è Chemical 
Disinfectionè Sludge Disposal 
16,545,900 
Ammonia, Nitrate (as N), 
Nitrite (as N), Total 
Suspended Solids (TSS), 
Total solids, BOD5, Viruses, 
Bacteria 
Irrigation 
Grit Removal è Primary Treatment è 
{Anaerobic WW digestion} è Anion IX è 
Clarifier è Chemical Disinfection è Sludge 
Disposal 
18,081,900 Chloride, Total Suspended Solids (TSS), Total solids 
•  Water types:  
•  Coal bed methane produced water 
(CBM PW)  
•  Oil & gas PW 
•  Fracking flow back water 
•  Geothermal  
•  Municipal wastewater 
•  Source waters (various locations) 
•  Flow rates: 1 and 2 MGD 
•  User technical criteria weighting (user 
scores) 
•  All criteria analyzed 
•  Only energy demand considered 
•  Only relative capital and annual O&M 
costs considered 
•  Beneficial uses 
•  Potable use 
•  Crop irrigation 
•  Disposal via deep well injection 
Items Remark 
Facility Capital Costs 
 Treatment technology  Estimated based on capacity 
 Pipelines  Pipe length 
 Pump stations  Flow rate, TDH lift, efficiency 
 Storage facility  Storage type, volume, cost curves 
 Buildings  Capacity/flow rate 
 New beneficial use infrastructure  Flow rate 
 Site development costs  % of capital costs 
 Yard piping  % of capital costs 
 Electrical  % of capital costs 
Annual Operations and Maintenance 
 Energy costs, treatment  Capacity, period of operation 
 Energy costs, conveyance  Flow rate, TDH lift, efficiency, hours of operation/yr 
 Labor costs, treatment facility  Salaries, wages 
 Chemicals; acid, base  Hours of operation/yr, capacity, alkalinity (for acid), lbs/day 
 Treatment supplies 
 Membrane costs  Annual replacement cost 
 Materials and supplies  % of capital costs 
 Land lease  Typical BLM lease rate for one acre for one year 
 Other O&M costs  % of capital costs 
Table 2: Economic criteria for treatment selection 
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•  Additional testing 
•  Multiple beneficial use option – up to 3 beneficial use options at the WWTP 
•  Multiple treatment train option – up to 3 of the best treatment trains are 
determined 
•  Improvements for the DST 
•  Additional expert ranking data to account for the log removal of individual 
treatment methods so that the cumulative log removal of a treatment train can 
be calculated and compared to standards 
 
 
